Several ocular diseases involve the iris, notably including oculocutaneous albinism, pigment dispersion syndrome, and exfoliation syndrome. To screen for candidate genes that may contribute to the pathogenesis of these diseases, genomewide iris gene expression patterns were comparatively analyzed from mouse models of these conditions. METHODS. Iris samples from albino mice with a Tyr mutation, pigment dispersion-prone mice with Tyrp1 and Gpnmb mutations, and mice resembling exfoliation syndrome with a Lyst mutation were compared with samples from wild-type mice. All mice were strain (C57BL/6J), age (60 days old), and sex (female) matched. Microarrays were used to compare transcriptional profiles, and differentially expressed transcripts were described by functional annotation clustering using DAVID Bioinformatics Resources. Quantitative real-time PCR was performed to validate a subset of identified changes. RESULTS. Compared with wild-type C57BL/6J mice, each disease context exhibited a large number of statistically significant changes in gene expression, including 685 transcripts differentially expressed in albino irides, 403 in pigment dispersionprone irides, and 460 in exfoliative-like irides. CONCLUSIONS. Functional annotation clusterings were particularly striking among the overrepresented genes, with albino and pigment dispersion-prone irides both exhibiting overall evidence of crystallin-mediated stress responses. Exfoliativelike irides from mice with a Lyst mutation showed overall evidence of involvement of genes that influence immune system processes, lytic vacuoles, and lysosomes. These findings have several biologically relevant implications, particularly with respect to secondary forms of glaucoma, and represent a useful resource as a hypothesis-generating dataset. (Invest Ophthalmol Vis Sci. 2011;52:237-248)
T he iris plays an essential role in regulating the amount of light passing to the retina and is also important in many human diseases. Several diseases change iris pigmentation, including forms of oculocutaneous albinism, Hermansky-Pudlak syndrome, Chediak-Higashi syndrome, Horner's syndrome, Waardenburg syndrome, and Fuchs' heterochromic iridocyclitis. In addition, other ocular diseases, such as pigment dispersion syndrome and exfoliation syndrome, involve disease-related morphologic changes to the pigmented tissues of the iris. Each of these diseases involves strong hereditary links, but much remains unknown concerning the underlying genetic pathways. In this study, we focused on three of these conditions: albinism, pigment dispersion syndrome, and exfoliation syndrome.
In oculocutaneous albinism (OCA), there is reduced or absent pigmentation of the skin, hair, and eyes. Decreased melanin in the eyes can give rise to several ocular abnormalities, including foveal hypoplasia and decreased visual acuity; retinal ganglion cell axon misrouting; and strabismus, nystagmus, iris translucency, color vision impairment, and photophobia. 1 The hereditary basis of OCA is complex. There are at least 4 genes that contribute to classic forms of OCA and at least another 12 associated with syndromic forms. The best understood form of OCA, and the most common in many populations, is OCA1. 2, 3 OCA1 is caused by mutations in the tyrosinase (TYR) gene, which encodes the rate-limiting enzyme necessary for melanin synthesis. Most people with OCA1 are believed to be compound heterozygotes, although in 15% of OCA1 cases, the second mutation remains unidentified. 4 Interestingly, TYR appears to also influence many traits beyond pigmentation. For example, tyrosinase mutation is capable of rescuing a mouse model of pigment dispersion, 5 but acts to worsen disease in mouse models of developmental glaucoma. 6 Clearly, much remains unknown concerning TYR and its influences on ocular disease.
In pigment dispersion syndrome, liberated pigment from the iris pigment epithelium becomes aberrantly deposited throughout the anterior chamber. As pigment accumulates in the iridocorneal angle, aqueous humor outflow resistance and intraocular pressure can become elevated. 7, 8 Although pigment dispersion syndrome has strong hereditary links, 9 ,10 the genetic risk factors remain to be identified. DBA/2J mice develop a form of pigmentary glaucoma involving a pigmentdispersing iris disease, elevated intraocular pressure, and optic nerve damage. 11, 12 Mutations in two genes encoding melanosomal proteins, Tyrp1 and Gpnmb, are responsible for initiation of the DBA/2J disease process. 13 To date, genetic studies of TYRP1 and GPNMB in human pigment dispersion patients have not detected mutations, 13, 14 suggesting that other genes in a pathway linked to TYRP1 and GPNMB may be the next most logical candidates worthy of consideration.
In exfoliation syndrome, a primary diagnostic feature is the presence of fibrillar exfoliative material throughout the anterior chamber of the eye. 15 The disease often also involves the dispersion of iris pigment and morphologic changes to the structure of the iris pigment epithelium. 16, 17 As with pigment dispersion syndrome, accumulations of material within the iridocorneal angle can obstruct aqueous humor outflow, result-ing in elevated intraocular pressure and glaucoma. Recently, genetic variations in the LOXL1 gene have been linked with exfoliation syndrome. 18 Because the same LOXL1 alleles associated with exfoliation syndrome also occur in the general population at a very high frequency, additional risk factors are presumed to exist. B6-Lyst bg-J mice exhibit multiple ocular features resembling exfoliation syndrome, including the presence of an exfoliative-like material, pigment dispersion, and iris transillumination defects caused by an apparent loss of cellcell adhesions within the iris pigment epithelium. 17 Accordingly, LYST and other genes within the LYST genetic pathway are candidates that are likely to contribute to exfoliation syndrome in humans.
We report global gene expression patterns of the iris in four strains of mice with identical genetic backgrounds: wild-type C57BL/6J mice with normal irides, albino mice with Tyr mutation, pigment dispersion-prone mice with Tyrp1 and Gpnmb mutations, and exfoliative-like mice with Lyst mutation. In each comparison between these strains, transcriptional changes are presented for select genes of functionally annotated clusters and are also presented according to the magnitude of the ratio of change. 5 was initially obtained from Simon John (The Jackson Laboratory) and subsequently bred at the University of Iowa. All mice were female, and all experiments with mutant mice used mice homozygous for the respective mutations. The mice were housed at the University of Iowa Research Animal Facility, maintained on a 4% fat NIH 31 diet provided ad libitum, and housed in cages containing dry bedding (Cellu-dri; Shepherd Specialty Papers, Kalamazoo, MI). The environment was kept at 21°C with a 12-hour light:12-hour dark cycle. All animals were treated in accordance with the ARVO Statement for the Use of Animals in Ophthalmic and Vision Research. All experimental protocols were approved by the Animal Care and Use Committee of The University of Iowa.
METHODS

Animal Husbandry
Mouse Slit Lamp Examination
Anterior chamber phenotypes were assayed with a slit lamp biomicroscope (SL-D7; Topcon, Tokyo, Japan) and photodocumented with a digital camera (D100; Nikon, Tokyo, Japan). For assessment of anterior chamber phenotypes with broad-beam illumination, a beam of light was shone at an angle across the eye, and the anterior chamber was examined. For assessment of iris transillumination defects, a small beam of light was shone directly through the undilated pupil of the mouse, and the iris was examined for the ability of reflected light to pass through diseased or depigmented areas of the iris. All ocular examinations were performed in conscious mice. All photographs were taken with identical camera settings and prepared with identical image software processing. Slit lamp and iris phenotypes have been reported for all the strains used, including C57BL/6J, 19, 20 B6. 
Microarray Analysis
Gene expression profiling was performed on irides from 60-day-old female C57BL/6J, B6. . Raw data were normalized by using the RMA (robust multichip average) algorithm, and quality was assessed with PLM (probe level model) methodology. 21 Normalized data were log 2 transformed and filtered to remove probesets that did not display expression levels above 5.0 in at least two samples and those that did not display at least a 1.8-fold difference between the highest and lowest expression values. The remaining probesets were then evaluated using the significance analysis for microarray algorithm to identify significant expression changes (SAM; ver. 3.05; Excel Add-In; Microsoft, Redmond, WA). 22 Significance was determined by using a two-class, unpaired Wilcoxon rank sum test with 100 permutations. In the comparison of C57BL/6J versus B6.Tyr c-2J , the delta value was 0.373, resulting in the identification of 4304 probesets with an estimated false discovery rate (FDR) of 3.7%. In the comparison of C57BL/6J versus B6.Tyrp1
b Gpnmb R150X , the delta value was 0.329, resulting in the identification of 2893 probesets with an estimated FDR of 3.0%. In the comparison of C57BL/6J versus B6-Lyst bg-J , the delta value was 0.339, resulting in the identification of 2633 probesets with an estimated FDR of 3.3%.
Probesets were subsequently linked to annotated genes and ordered. The number of genes expressed in C57BL/6J irides was estimated by linking probes with log 2 -transformed expression levels above 5.0 in at least two samples to gene annotations with a file provided by the microarray manufacturer (Mouse430_2.na28.annot; Affymetrix), eliminating duplicates of the same gene and eliminating unannotated probes. Lists of genes with changing expression were filtered (Excel; Microsoft) to include only probesets with at least a 1.8-fold change in expression. The probesets were first linked to annotated genes (Mouse430_2.na28.annot file). The remaining unlinked probesets were secondarily assigned to annotated genes by using the Gene List Report function from DAVID Bioinformatics Resources. 23, 24 A small number of probesets could not be linked with any annotated genes and were removed from further analysis. In addition, one probeset (1436240_at) initially detected as having a Ͼ50-fold reduction in B6.Tyrp1 23, 24 Based on this ontology-based categorization, select clusters and associated genes were manually chosen for presentation in the tables. Eight clusters are presented for each comparison, including four that are shown for each comparison (pigmentation, immune system response, cell death, and neurodegeneration) and four that are representative and therefore may differ between comparisons. The complete data sets have been deposited in the National Center for Biotechnology Information's Gene Expression Omnibus under accession number GSE16994 (http://www.ncbi.nlm.nih. gov/ projects/geo/ provided by NCBI, National Institutes of Health, Bethesda, MD).
Quantitative Real-Time PCR
To perform quantitative real-time PCR (qRT-PCR) analysis, we dissected the enucleated eyes in phosphate-buffered saline, and the irides from each mouse were pooled to form one sample; two samples (mice) were analyzed per strain. Iris samples were homogenized, RNA was extracted, treated with DNase I, purified (Aurum Total RNA Mini Kit; Bio-Rad Laboratories), and converted to cDNA (iScript cDNA Synthesis Kit; Bio-Rad Laboratories). Quantitative PCR was performed with a SYBR green mastermix (iQ SYBR Green Supermix; Bio-Rad Laboratories) in a real-time PCR detection system (iCycler MyiQ; Bio-Rad Laboratories). Each reaction contained: 2.5 L water, 7.5 L 2ϫ iQ SYBR green mastermix, 2 L 5Ј-primer (0.94 M), 2 L 3Ј-primer (0.94 M), and 1 L cDNA (1 ng/L). Sequences for primer pairs used in the PCR reactions are available on request. PCR conditions were: 95°C for 3 minutes, 40ϫ (95°C for 30 seconds, 60°C for 45 seconds). PCR products were subjected to melting curve analysis to ensure that only a single product was amplified. Each experiment included three technical replicates of each RNA sample. Expression data were quantified based on threshold cycle (C t ) values. For each transcript, C t values for each sample were averaged and normalized to values of ␤-actin. Change analysis was based on ⌬⌬C t and amplification efficiency of the transcripts.
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RESULTS
To screen for candidate genes that may contribute to the pathogenesis of OCA, pigment dispersion syndrome, and exfoliation syndrome, we used independent mouse models of these conditions on the C57BL/6J genetic background (Figs. 1, 2). All mice were also matched for age (60 days old) and sex (female). The rationale for this design was based on promoting homogeneity, because the iris phenotypes within each strain are indistinguishable between individual mice according to these criteria, the carefully matched animal cohorts should empower statistical significance in subsequent gene expression analysis. irides freely passed light across most areas. Because it is not transparent, the iridial vasculature was prominently visible.
C57BL/6J is a widely used inbred strain of mice with healthy irides lacking overt disease through advanced age. 19 Thus, at 60 days of age, the C57BL/6J iris is in a state of relative stasis, appearing uniformly deep sienna-brown in color and lacking transillumination defects (Figs. 1A-F). A large number of annotated genes (n ϭ 18,234) were expressed in the iris of 60-dayold C57BL/6J mice. With expression levels in C57BL/6J irides used as the baseline, comparisons between C57BL/6J irides and each disease context detected many differences. Summaries of the data are presented according to the largest ratios of change (Table 1) , the most significant gene ontology terms (Table 2) , and manually selected examples of gene groupings associated with each comparison (Tables 3-8) .
Transcriptional Differences between Albino and Pigmented Wild-Type Irides
Tyrosinase is the rate-limiting enzyme of melanin production. 4 The Tyr c-2J allele is a spontaneously arising missense mutation that also influences splicing of the tyrosinase pre-mRNA, ultimately resulting in complete absence of the tyrosinase protein. 26 The appearance of the B6.Tyr c-2J iris remains very consistent through advanced age. 5 Thus, at 60 days of age, the Tyr c-2J iris is in a state of relative stasis, primarily characterized by a complete absence of melanin pigment (Figs. 1G-L). To identify transcriptional differences related to tyrosinase-mediated absence or presence of melanin pigment production, microarray analysis was performed on RNA isolated from the iris of 60-day-old B6.Tyr c-2J mice. The pair-wise comparison of RMA-normalized expression values between C57BL/6J and B6.Tyr c-2J irides identified 685 transcripts with Ͼ1.8-fold changes in expression (537 overrepresented and 148 underrepresented). Among the transcripts with the largest change ratio in expression (Table 1) , the most striking observation was that several transcripts overrepresented in albino irides encoded crystallins (4 of the top 10; 10 of the top 25, data not shown). The most overrepresented transcripts were Gja3 (ϩ22.7-fold), Mip (ϩ16.8-fold), and B3gnt5 (ϩ16.3-fold). The most underrepresented transcripts were Muc4 (Ϫ5.2-fold), Myom2 (Ϫ4.3-fold), and Cd274 (Ϫ3.7-fold). Albino irides also exhibited expression changes in several groups of genes of biological interest (Tables 3, 4) , including overrepresentation of several genes associated with visual perception and sensory organ development. Changes in transcripts prominently associated with pigmentation (such as Oca2, Tyrp1, Matp, Dct, and Mc1r) were not observed, nor were changes in expression of Tyr itself. Transcript levels of Gpnmb, which is associated with a pigment-dispersing iris disease dependent on tyrosinase function, 5, 13 were underrepresented in albino irides (Ϫ2.1-fold).
Transcriptional Differences between Pigment Dispersion-Prone and Wild-Type Irides
The B6.Tyrp1
b Gpnmb R150X strain is a double-congenic strain containing the pigment dispersion-causing Tyrp1 b and Gpnmb R150X mutations on a C57BL/6J genetic background. 5 Thus, the strain contains the disease-causing mutations of the DBA/2J model of glaucoma, 13 but within a more widely used genetic background. Tyrp1 encodes a transmembrane melanosomal protein with enzymatic activity required for melanogenesis. Compared with the wild-type C57BL/6J allele, the Tyrp1 b 
Ϫ3.1
All changes relative to irides of age-and sex-matched C57BL/6J mice.
allele contains two missense mutations. 27 Gpnmb is predicted to also encode a transmembrane melanosomal protein, but its function is largely unknown. 13 Presumably a consequence of nonsense-mediated decay, the Gpnmb R150X mutation has been shown to result in severely reduced Gpnmb transcript levels. mice closely resembles wild-type. 5 From 6 to 18 months of age, the iris of B6.Tyrp1
b Gpnmb R150X mice undergoes a pigmentdispersing iris disease that is very similar in severity and timing as in DBA/2J mice that are mutant for the same Tyrp1 and Gpnmb alleles. 5, 12, 29 This iris disease ultimately involves pathologic contributions from both pigment-producing and bone-marrow-derived cells of the iris. 5, 13, 28, 30 Thus, at 60 days of age, the B6.Tyrp1
b Gpnmb R150X iris is in a pre to early stage of disease characterized by a normal appearing iris ( Figs. 2A-F) . To identify transcriptional differences related to pigment dispersion, microarray analysis was performed on RNA isolated from the iris of 60-day-old B6.Tyrp1
b Gpnmb R150X mice. The pair-wise comparison of RMA normalized expression values between C57BL/6J and B6.Tyrp1
b Gpnmb R150X irides identified 403 transcripts with Ͼ1.8-fold changes in expression (300 overrepresented and 103 underrepresented). Among transcripts with the largest change in expression (Table 1) , the most striking observation was that the signature of transcripts overrepresented in pigment dispersion-prone irides was very similar to the transcripts overrepresented in albino irides. Seven of the top 10 overrepresented transcripts observed in pigment dispersion-prone irides were also observed in the top 10 overrepresented transcripts of albino irides. Ten of the top 25 most overrepresented transcripts in pigment dispersionprone irides encoded crystallins (data not shown). The most overrepresented genes were Gja3 (ϩ12.4-fold), B3gnt5 (ϩ9.2-fold), and Cryba2 (ϩ7.7-fold). As expected from previous work, 28 Gpnmb was underrepresented (Ϫ9.4-fold). A230006123Rik (Ϫ8.5-fold) and Mysm (Ϫ3.5-fold) were also among the most underrepresented transcripts. Pigment dispersion-prone irides exhibited expression changes in several groups of genes of biological interest (Tables 5, 6 ), including changes in the expression of several genes suspected of influencing glaucoma (C1qb, Cntf, and Bcl2). [31] [32] [33] Changes in Tyrp1 expression were not detected.
Transcriptional Differences between Exfoliative-like and Wild-Type Irides
Lyst encodes a large cytosolic protein influencing lysosome-related organelles, including lysosomes, melanosomes, and platelet dense bodies. 34 Multiple mutant alleles of the Lyst gene have been identified in mice, including the bg-J mutation which results from a 3-bp deletion eliminating 1 amino acid from the LYST WD40 motif. 17 In addition to systemic defects resembling Chediak-Higashi syndrome, 35 B6-Lyst bg-J mice exhibit iris defects resembling exfoliation syndrome. 17 The iris of B6-Lyst bg-J mice undergoes an early-onset degenerative disease characterized by stromal atrophy, changes in the morphology of the iris pigment epithelium, and accumulation of pigment-engulfed macrophages. 17, 20 As recently proposed in humans, 36 Lyst also influences iris color, resulting in dark-appearing irides. 19 Histologic indices of disease are absent in B6-Lyst bg-J mice at 17 days of age, but are pronounced by 100 days of age. 20 Thus, at 60 days of age, the B6-Lyst bg-J iris is in an active disease state characterized in slit lamp examination by a dark and granular-appearing iris with distinct transillumination defects (Figs. 2G-L) . To identify transcriptional differences related to these exfoliative-like eyes, microarray analysis was performed on RNA isolated from the iris of 60-day-old B6-Lyst bg-J mice. The pair-wise comparison of RMA-normalized expression values between C57BL/6J and B6-Lyst bg-J irides identified 460 transcripts with Ͼ1.8-fold changes in expression (262 overrepresented and 198 underrepresented). Among the transcripts with the largest change in expression (Table 1) , the most striking observation was that several transcripts overrepresented in exfoliative-like irides were linked to immune responses. The most overrepresented transcripts were Mmp12 (ϩ56.8-fold), Fabp4 (ϩ44.4-fold), and Atp6v0d2 (ϩ43.2-fold). The most underrepre- 
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sented transcripts were Prpmp5 (Ϫ8.7-fold), Krt12 (Ϫ6.1-fold), and Tmprss11e (Ϫ4.0-fold). Exfoliative-like irides also exhibited expression changes in several groups of genes of biological interest (Tables 7, 8 ), including changes in the expression of several genes associated with lytic vacuoles and lysosomes. Changes in Lyst expression were not detected.
Validation Using Quantitative Real-Time PCR
To validate the expression changes obtained from microarray analyses, a subset of transcripts were independently tested with qRT-PCR. In a separate cohort of mice, examples of overrepresented and underrepresented transcripts were confirmed in the analysis of B6.Tyr c-2J (Gja3, ϩ14.9-fold; B3Gnt5, ϩ123.0-fold; Cryba4, ϩ86,951-fold; Muc 4, Ϫ2.9-fold; Myom2, Ϫ14.2-fold; and Gpnmb, Ϫ5.32-fold), B6.Tyrp1 b Gpnmb
R150X
(Gja3, ϩ10.1-fold; B3gnt5, ϩ23.0-fold; and Gpnmb, -7.3-fold), and B6-Lyst bg-J irides (Mmp12, ϩ231.2-fold; Ltbp1, Ϫ5.4-fold; and Ltbp2, Ϫ28.9-fold). Transcripts of several genes relevant to ocular disease, but not predicted to be differentially expressed by the microarray analysis, were also analyzed by qRT-PCR and were confirmed not to be differentially expressed (Tyr, Cyp1b1, Edn3, Foxc1, and Mitf; Ͻ1.8-fold changes in all comparisons to C57BL/6J).
DISCUSSION
We investigated genome-wide iridial transcriptional profiles of wild-type C57BL/6J mice and three strains with iridial diseases, one modeling OCA (B6.Tyr c-2J ), one modeling pigment dispersion syndrome (B6.Tyrp1 b Gpnmb R150X ), and one modeling exfoliation syndrome (B6-Lyst bg-J ). The mutations of these strains are also all relevant to glaucoma. In comparisons between each genetic context, a large number of expression changes were detected. These findings have several biologically relevant implications and represent a useful resource as a hypothesis-generating dataset.
With respect to OCA, perhaps the most surprising observation was the large number of changing transcripts associated with tyrosinase mutation. Among the strains analyzed, the greatest number of differentially expressed transcripts was observed in the comparison of albino versus normally pigmented C57BL/6J mice (685 transcripts with Ͼ1.8-fold changes in expression). Surprisingly, a substantial pigmentrelated gene ontology signal was not detected. The overrepresented transcripts related to visual perception were initially unexpected, although there are other reports of genes such as rhodopsin being expressed in the iris. 37 Among the transcripts related to structural elements of the lens, several were crystallins, which have also been found to be expressed in the human iris. 38 In addition to being a main structural element of the lens, crystallins have been proposed to function outside of the lens as chaperones active in responses to damaging stimuli such as oxidative stress. 39 As discussed below, the changes in crystallin gene expression detected in this study overlap a genetic network of crystallin genes previously observed to be coexpressed in mouse retina and brain, as well. 40 Further studies would be needed to stringently discern whether the visual perception or structural elements of the lens signals detected are biological or a consequence of trace contamination from the retina and lens, which is certainly possible. 41 However, changes in prevalent non-crystallin-related lens transcripts (such as Gluld1) or other prevalent retinal transcripts (such as Prph2) were not detected, suggesting that the changes observed are biological.
Several observations were made relevant to pigment dispersion and glaucoma. First, a locus involved in hereditary pigment dispersion syndrome in humans has been proposed at 7q35-q36, 9 43 who studied expression changes in damaged areas of individual glaucomatous DBA/2J retinas versus undamaged areas, were less striking. Of the top 30 upregulated and downregulated transcripts identified by Panagis et al., only 1 was also altered in the iris of B6.Tyrp1
b Gpnmb R150X mice (9430051O21Rik, Ϫ1.8-fold). With respect to pigmentary glaucoma, it is noteworthy that 1 gene, Crygn, is located at chromosomal position 7q35-36 in humans, has altered expression in the iris of pigment dispersion-prone mice (ϩ5.4-fold), and has altered expression in the retina of glaucomatous DBA/2J mice (Ϫ2.3-fold). 42 In irides of exfoliative-like B6-Lyst bg-J mice, the transcript with the overall largest ratio of change in expression compared with C57BL/6J control irides was Mmp12 (ϩ56.8-fold in microarray, ϩ231.2-fold in qRT-PCR). MMP12 belongs to a family of structurally related extracellular matrix-degrading enzymes that are collectively capable of degrading essentially all extracellular matrix components. 44 MMP12 has several substrates, notably including elastin. 45 In most tissues, MMP12 is mainly produced by macrophages, 46 although in ocular tissues it has also been found in cultured trabecular meshwork cells 47 and cultured keratocytes. 48 Mmp12 expression is upregulated by TGF-␤. 49 Because exfoliation syndrome involves changes in both TGF-␤ and elastin, 15 this dramatic expression difference observed in a mouse model suggests that MMP12 makes direct contributions to disease phenotypes that occur in exfoliation syndrome. Using mice with genetic perturbations in Mmp12, we are currently testing this hypothesis directly.
Among the molecular signatures identified from comparisons of the four strains studied, one of the most striking observations was that albino and pigment dispersion-prone irides both exhibited evidence of a crystallin-mediated stress response. In a recent study of differential responses of C57BL/6J and DBA/2J mice to optic nerve crush, Templeton et al. 40 identified a very similar response from a genetic network of co-regulated crystallin genes downregulated in the C57BL/6J retina and upregulated in the DBA/2J retina at 2 days after optic nerve crush. Of the 12 members of this family (Cryaa, Cryab, Cryba1, Cryba2, Cryba4, Crybb1, Crybb2, Crybb3, Crygb, Crygc, Crygd, and Crygs), all 12 were overrepresented in the iris of albino B6.Tyr c-2J mice compared with wild-type C57BL/6J and 11 were overrepresented in the iris of pigment dispersion-prone B6.Tyrp1
b Gpnmb R150X mice compared with wild-type C57BL/6J (changes in Crgd were not detected). The same co-regulatory network has also been detected in the hippocampus of mice, absolutely ruling out the possibility that this signature is a simple consequence of lens contamination. 40 Rather, it appears that across many different tissues, a wide variety of stresses can induce co-expression of this genetic network.
Although the current experimental design allowed identification of many changes, it also had caveats. One limitation of our present study is that we used a mouse model of pigment dispersion syndrome harboring mutations in both Tyrp1 and Gpnmb. Thus, it is not possible to differentiate which expression changes were caused by Tyrp1 mutation by itself, Gpnmb mutation by itself, or their combined interaction. Another important factor of the present study design is that individual iris cell types were not separated. Although the iris is one of the body's most concentrated sources of pigmented cells and their signature is likely a predominant one, the iris does have a variety of other cell types. The mouse iris stroma primarily consists of melanocytes derived from the periocular mesenchyme, small blood vessels, and antigen-presenting cells; the iris pigment epithelium consists of two pigmented neural epithelium-derived cell layers, the anterior of which is the source of both the iris sphincter and dilator smooth muscles. 50 -55 Thus, for changing transcripts such as Gpnmb (underrepresented in albino and pigment dispersion-prone irides), which is known to be expressed in pigmented cells and antigen presenting cells, 28, 56 it is not clear which cells give rise to the signal detected in the current microarray study of the entire iris. Finally, the present study did not follow temporal changes in gene expression. Although the 60-day-old time point represents a time when disease phenotypes are readily apparent by slit lamp examination in albino and exfoliative-like mice, 17, 19 it is a time when iris disease is not yet clinically detectable for pigment dispersion-prone mice. 5 In summary, we used genome-wide microarray analysis to study iris samples of wild-type C57BL/6J mice, albino mice with a Tyr mutation, pigment dispersion-prone mice with Tyrp1 and Gpnmb mutations, and mice resembling exfoliation syndrome with a Lyst mutation. In comparisons between each genetic context, a large number of expression changes were detected. The results identify many candidate genes that may be active in these diseases and represent a useful resource for further mechanistic studies.
